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(57) ABSTRACT 
A cooling apparatus and method are provided for facilitating 
cooling of an electronic apparatus that includes a semicon 
ductor element. The cooling apparatus includes an evaporator 
containing a coolant and evaporating the coolant under a 
reduced pressure loWer than an ambient pressure to generate 
a chilled coolant, a condenser regenerating the coolant from a 
vapor of the coolant and being ?uid-communicated With the 
evaporator through a bypass line, and a circulating pump and 
a line supplying the chilled coolant to a heat exchange area of 
the electronic apparatus to conduct a heat exchange With an 
air ?oW passing though the semiconductor element at a hot 
side of the electronic apparatus and returning the coolant after 
the heat exchange to the condenser. 
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FACILITATING COOLING OF AN 
ELECTRONICS RACK EMPLOYING WATER 

VAPOR COMPRESSION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority bene?t under 3 5 U. S .C. 
§119 of Japanese application 2008-240689, ?led Sep. 19, 
2008, and incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to Water cooling of an elec 

tronic apparatus and more particularly, the present invention 
relates to an apparatus and a method for cooling electronics, 
a coolant shielded electronic apparatus, and a method for 
cooling electronics. 

2. Description of the Related Art 
An electronic apparatus including such as a personal com 

puter, a server, a Workstation and/ or a mainframe computer 

typically requires a cooling device for cooling a heat source 
such as a microprocessor unit (hereafter referred to MPU) or 
a central processing unit (hereafter referred to CPU) to main 
tain stable performance thereof. In noWadays, operations of 
the electronic apparatuses in a high performance and a high 
clock rate are increasingly requested yet and then, the heat 
generation from the electronic apparatuses rises an old but yet 
neW problem in the computing technology. 

The problem is the heat generation of the MPU and/ or the 
CPU and there is a technical prediction that a density of the 
heat generation of a recent MPU With Which the operation 
clock rate is at about several Giga-HertZ goes over that of an 
atomic reactor and should reach to the heat generation density 
of sun in near future. 
One strategy to reduce the heat generation problem is to 

make the MPU and/or the CPU in multi-core architectures so 
as to reduce instructions per a single core While maintaining 
an overall performance; hoWever, as the clock rate for the 
single core goes higher and higher With respect to perfor 
mance improvements, the trade-off problem betWeen the heat 
exhaust and processor performance Will make a high barrier 
for the recent processor technology. 

Furthermore, recent electronic apparatuses tend to employ 
a number of the MPUs and/or the CPUs Which are operated 
cooperatively With each other, i.e., so called GRID Comput 
ing as Well as the multi-core architecture as described above 
so that an information processing density per an electronic 
apparatus also increases even if the clock rates for unit MPU 
and/ or CPU is suppressed; this tendency Will be further accel 
erated as the multi-core architecture or the grid-computing 
betWeen processors becomes more and more popular and as 
high performance operations for the electronic apparatus are 
requested. 
From the above computing environment, in a data center 

handling huge amounts of information such as Internet data, 
information for a search engine, or enterprise data, a number 
of computing facilities are placed and are operated in the 
mutual cooperation thereof. Such data center tends to develop 
the computing performance thereof for addressing to increas 
ing demands for high performance computations so that heat 
management of the data center becomes a serious problem to 
be settled urgently in relation to global Warming due to the 
computation as Well as reduction of investment costs for the 
data center. 
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2 
As another strategy for settling to the heat exhaust from the 

MPU or the CPU in the electronic apparatus, a direct cooling 
architecture for the MPU and/or the CPU by an adequate 
coolant is knoWn. 

FIG. 14 shoWs a typical cooling system 1400 for the elec 
tronic apparatus employing an air-cooling mechanism. The 
cooling system 1400 of FIG. 14 is constructed for cooling the 
electronic apparatuses While conducting air-conditioning in a 
computing room. In the space of the computing room, the 
electronic apparatuses 1440 are placed on the ?oor 1410 to 
computing various data. The electronic apparatus 1440 may 
be, for example, Workstations, servers and/or mainframe 
computers etc. 
The chiller units 1420 are placed in the computing room so 

as to supply chilled air primarily to the space 1450 created 
under the ?oor 1410. The space 1450 provides a ?uid path for 
the chilled air etc. The ?oor 1410 comprises a plurality of 
perforated panels through Which the chilled air can pass 
upWardly from the space 1450 to the computing room. 

Positions of the perforated panels 1430 at the ?oor 1410 are 
determined depending on positions of chilled air inlets of the 
electronic apparatus 1440. The chilled air is supplied into the 
spaces provided betWeen the electronic apparatus of Which 
air-intake sides, i.e., the cold sides thereof are facing each 
other. 

Referring to FIG. 15, schematic air ?oWs of the cooling 
apparatus 1500 in FIG. 15 are illustrated. The chilled air 1570 
passes the under-?oor space 1595 and ?oWs into the computer 
room from the under ?oor space 1595 at the position of the 
perforated panels 1580. The perforated panels 1580 are dis 
posed betWeen the electronic apparatuses positioned to face 
the cold sides thereof each other. 
The chilled air is then draWn into both of the electronic 

apparatuses from the cold side and conducts the heat 
exchange With the MPUs and/or the CPUs assembled in the 
electronic apparatus. Then, the heated air 1590 is discharged 
from hot sides of both of the electronic apparatuses. There 
after, the discharged heated air 1590 ?oWs upWardly and then 
?oWs laterally toWard the CRACs, i.e., Computing Room Air 
Conditioners 1510, 1560 so as to regenerate the chilled air by 
air conditioning members Within the CRACs 1510, 1560. 
Then, the chilled air 1570 is again supplied to the under-?oor 
space 1595 for the heat management of the electronic appa 
ratus. 

In the described conventional cooling apparatus, the 
chilled air is mainly used for cooling the MPU and/or the 
CPU; that is to say, most of the chilled air is consumed for 
cooling of the electronic apparatus. Then, the air-condition 
ing in the computing room must be prepared as a separate air 
conditioning system. Alternatively, the cooling capacity of 
the CRACs must be increased for settling the entire air con 
ditioning in the computing room. 

Direct cooling architecture for the electronic apparatuses 
have been developed so far for addressing to heat removal of 
the information processing apparatus. For example, Japanese 
Patent (Laid-Open) No. 2002-374086 discloses a cooling 
apparatus for a rack-mounted information processing appa 
ratus. In the scheme disclosed therein, the rack including a 
Water cooling unit is employed and Water ?oW paths are 
provided in each of columns of a rack cabinet. The Water 
passed through the column is then introduced to the rack and 
a Water cooled jacket for CPU/LSI so as to cool elements 
Within the rack. 

Japanese Patent (Laid-Open) No. 2005-100091 also dis 
closes a cooling module disposed directly on the CPU for 
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sharing a Water cooling module and a forced air cooling 
module such that both of the air and Water cooling architec 
tures may be sWitched. 

Japanese Patent (Laid-Open) No. 2006-285670 also dis 
closes a blade for information processing and an information 
processing apparatus including the blade. The disclosedblade 
is cooled by the Water passing through Water paths provided 
in the blade. The CPU or other heat sources are placed on the 
blade in heat exchange relation to the blade and hence, the 
heat sources are cooled by the Water cooled blade. 
As described above, the Water cooling architecture is 

regarded as suitable for the cooling architecture of the elec 
tronic apparatus; hoWever, it is knoWn that Water has potential 
defects for causing an electronic leak When the Water 
immerses into the electronic apparatus. When the Water is 
leaked in the enclosure of the electronic apparatus, the elec 
tric apparatus or facilities such as a data center Would suffer 
huge and high cost damages. 

In order to settle to the leak of the Water, many attempts 
have been made so far. For example, Unexamined (Laid 
Open) Japanese Publication No. 3191274 (also published as 
Japanese Patent (Examined) Publication No. 7-117330), dis 
closes a cooling apparatus Which comprises, in a recycle path 
of a liquid cooling media, a removal apparatus for corrosive 
ions. The removal apparatus disclosed may remove selec 
tively anions acting corrosive factors to improve the corrosion 
of the cooling apparatus. 

Although attempts for improving haZardous Water leak 
from the cooling system of the electronic apparatus have been 
made, corrosion mechanisms of lines etc. are not yet under 
stood suf?ciently. Thus, the protection from the problems 
caused by the corrosion under various conditions is not yet 
practically ensured, because the corrosions and their magni 
tudes substantially depend on particular environments in 
Which the electronic apparatuses are placed. 

In addition, factors for causing the Water leak may include, 
other than the corrosion, for example, cracks or damages by 
impacts as Well as loosed joint connections such that it is 
dif?cult to settle the above various factors and to overcome 
the adverse effects When all of the above factors are consid 
ered. 

Consequently, an effective cooling apparatus is yet 
requested and the needs thereof becomes larger and larger as 
the high performance computing paradigm becomes realiZed 
by advances of device and information technologies While 
providing the heat management of the data center. Further yet 
there are increasing needs for overcoming the heat exhaust of 
the electronic apparatuses and thence, a novel cooling appa 
ratus for electronic apparatus including the MPU and/or the 
CPU has still been expected. 

BRIEF SUMMARY OF THE INVENTION 

Then, an object of the present invention is to provide an 
apparatus for making it possible to remove heat around the 
MPU and/or the CPU effectively and safely Without the leak 
of cooling media such as Water While reducing environmental 
loads caused by computations. 

Furthermore, another object of the present invention is to 
provide a method for cooling an electronic apparatus suitably 
applied to a data center Where a number of electronic appa 
ratuses such as microcomputers, Workstations, servers and 
mainframe computers are arranged together in order to 
handle valuable information cooperatively. 

Still further another object of the present invention is to 
provide a coolant shielded electronic apparatus for suppress 
ing the heat exhaust from the electronic apparatus to outer 
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4 
environment, in turn, for suppressing poWer consumption of 
the data center so as to contribute to global Warming. 

For settling the problems of the above described conven 
tional cooling apparatuses, the present invention may provide 
an apparatus for cooling an electronic apparatus adopting a 
latent heat cooling apparatus of coolants such as Water under 
a reduced pressure With respect to an ambient atmosphere 
pressure. 

In an embodiment of the present invention, an apparatus for 
cooling an electronic apparatus may be provided. The elec 
tronic apparatus comprises a semiconductor element such as 
MPU and/or CPU cooled by the chilled coolant. The coolant 
is chilled by the latent heat of the evaporation thereof in an 
evaporator under a reduced pres sure condition With respect to 
the atmosphere pressure around the electronic apparatus. 
When the evaporation of the coolant occurs in the evaporator, 
the coolant still in liquid phase is chilled because of the 
removal of the latent heat to prepare a chilled coolant. 
A pressure reduction in the evaporator is attained by a 

compressor connected by a bypass line With Which commu 
nicates an evaporator and a condenser of the coolant. 
The chilled coolant is then circulated through a line extend 

ing inside a casing, a rack and/or computing nodes of the 
electronic apparatus such as, for example, a microcomputer, 
an enterprise server, a Workstation, or a mainframe computer 
etc. to cool an air ?oW discharged from the electronic appa 
ratus such that the discharged air ?oW from the electronic 
apparatus may not provide severe adverse effects to the air 
conditioning capacity in a space such as a computing room in 
Which the electronic apparatus is placed. 

Further according to the present invention, the coolant may 
be kept under the ambient atmosphere pressure in the region 
for conducting the heat exchange With the electronic appara 
tus and may be supported by a How control member disposed 
at an up-stream of side of said heat exchange area for settling 
an un-predictable Water leak. Therefore, the possibility of a 
coolant leak may be minimiZed. 
The coolant after the heat exchange With a cooling air How 

is returned to the evaporator for subjecting repeatedly under 
the reduced pressure to regenerate the chilled coolant. 
The condenser being in ?uid-communication With the 

evaporator receives pressurized vapor of the coolant at the 
doWnstream of the compressor and a vacuum pump is con 
nected to the condenser for balancing the pressure in the 
condenser While reducing a back pressure doWnstream the 
compressor. The coolant in the condenser is cooled to about 
an ambient temperature by a cooling toWer, other suitable 
cooling facilities, or a heat exchanger reservoir. 

In another embodiment of the present invention, a coolant 
shielded electronic apparatus may be provided. The coolant 
shielded electronic apparatus comprises a computing node 
including members comprising for computing information a 
semiconductor element, a memory, an I/O unit, a bus, a rack 
for holding the computing unit. The coolant shielded elec 
tronic apparatus further comprises a pair of sideWalls and the 
sideWalls each alloWs the coolant to pass therein. To the 
coolant shielded electronic apparatus, a door heat exchanger 
panel is detachably attached to a casing for enclosing the 
computing node and the rack. The door heat exchanger panel 
receives the coolant and comprises a serpentine heat 
exchanger coil in Which a pressure of the coolant being kept 
under an ambient pressure. 

Furthermore, the coolant shielded electronic apparatus fur 
ther may comprise a cold section disposed in the computing 
node and a fan. The cold section is cooled by the coolant While 
conducting a heat exchange With an air ?oW passing through 
said computing node. The fan causes the ambient air to How 
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into the computing node to form the air ?oW toward a dis 
charge side of the casing for cooling said members inside the 
computing node. 

In yet another embodiment of the present invention, a 
method for cooling an electronic apparatus including a semi 
conductor element may be provided. The method comprises 
the steps of; 

generating a chilled coolant With a reduced pressure loWer 
than an ambient pressure, 

circulating said chilled coolant through a line passing 
though a heat exchange area Within said electronic apparatus 
at a hot side of said electronic apparatus, 

conducting a heat exchange at said heat exchange area With 
an air ?oW passing through said semiconductor element, and 

returning said coolant after said heat exchange to a con 
denser for regenerating said coolant from a vapor of said 
coolant, 

Wherein a pressure of said coolant is kept under said ambi 
ent pressure at said heat exchange area With said air ?oW. 

Hereafter the present invention Will be described using 
embodiments depicted in draWings; hoWever, the draWings 
described hereinafter can be understood only for descriptions 
of the present invention and do not provide any limitation on 
the present invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

FIG. 1 shoWs a computing room air-conditioned by a data 
center control system including an apparatus of the present 
invention; 

FIG. 2 shoWs a general construction of a cooling apparatus; 
FIG. 3 shoWs other embodiment of a cooling apparatus; 
FIG. 4 shoWs a detailed embodiment of a cooling mecha 

nism according to the present invention; 
FIG. 5 shoWs another cooling mechanism of the present 

invention; 
FIG. 6 shoWs a schematic perspective vieW of a door heat 

exchanger (DHEX) panel; 
FIG. 7 shoWs the enlarged structure of a DHEX panel; 
FIG. 8 shoWs an embodiment of a coolant shielded elec 

tronic apparatus; 
FIG. 9 shoWs a schematic block diagram of the inside 

construction of a shielded electronic apparatus shoWn FIG. 8; 
FIG. 10 shoWs a schematic plane vieW of a computing 

node; 
FIG. 11 shoWs a typical implementation embodiment of 

the shielded electronic apparatus 1100 vieWed from the rear 
side thereof; 

FIG. 12 shoWs the cooling performance of the cooling 
apparatus When Water is used as the coolant; 

FIG. 13 shoWs another graph as an example for reducing 
the temperature from the electronic apparatus; 

FIG. 14 shoWs a typical cooling apparatus for the elec 
tronic apparatus; and 

FIG. 15 shoWs a schematic air How of the cooling apparatus 
of FIG. 14. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 generally shoWs a data center control system With 
Which an apparatus, a method, and a shielded electronic appa 
ratus are implemented. The data center control system 100 
comprises a CRAC 110, a plurality of electronic apparatuses 
120-150, and an automated environment monitoring facility 
(hereafter referred to AOEMF) 160. The above apparatuses 
are placed on a ?oor panel 170 offset from a ?oor slab plate to 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
form a space for utility lines. The ?oor panel 170 may have a 
perforated section to introduce the chilled air supplied 
through the space. 
The CRAC 110 conducts an air condition in the computing 

room 195 as Well as the heat management of the apparatuses 
in the computing room 195. The CRAC 110 receives chilled 
coolant through a supply line 118 from a building backbone 
air conditioning system. The air in the computing room 195 is 
introduced into the CRAC 110 by a fan 112 and is returned 
into the computing room 195 after the heat exchange at the 
heat exchanger 114. 

Into the heat exchanger 114, the chilled coolant such as 
Water is supplied so as to conduct the heat exchange With the 
air introduced into the CRAC 110 and then, a temperature of 
the coolant is raised because of the heat exchange. The heated 
coolant is then, returned to a cooling apparatus of the present 
invention to regenerate the chilled coolant. The coolant may 
be selected from conventionally knoWn cooling media such 
as, for example, Freon such as CFC, HCFC and HFC, or 
natural medium such as, for example, hydro-carbon, ammo 
nia, carbon dioxide, air, and Water; hoWever, Water is the mo st 
possible candidate as the coolant in the global environment 
and effects on human heath. In the most preferred described 
hereunder, the present invention Will be described such that 
the coolant is assumed as Water. 

The electronic apparatus, in the described embodiment, 
comprises a plurality of computing units 120-150, but not 
limited thereto, any other electronic apparatus such as a 
router, a printer may be present in the computing room 195. 
The computing units each include servers 122-126, 132-136, 
144-148, and 152-156. Each of the servers includes at least 
MPU, a memory such as RAM and/or ROM, and an I/O 
interface and the cooled air is introduced into each of the 
servers 122-126, 132-136, 144-148, and 152-156 by the fans 
each disposed adjacent to the servers. 

In the embodiment described in FIG. 1, the computing 
units 120-150 include different cooling architectures. The 
embodiment of FIG. 1 is only an example for the variation of 
the cooling architectures, and the cooling architecture of the 
present invention may be different among the computing 
units and in the other embodiment. The cooling architecture 
of one type selected from the architectures described in FIG. 
1 may be installed in the datacenter. As for example, the 
computing unit 120 comprises a rear door heat exchanger 128 
Which is detachably attached to a casing or a rack of the 
computing unit 120. When the rear door heat exchanger 128 
is used, the air passed through the servers 122-126 is dis 
charged into the computing room 195 after the heat exchange 
by the rear door heat exchanger 128. The chilled Water from 
a cooling apparatus of the present invention is introduced into 
the rear door heat exchanger 128 and after the heat exchange 
betWeen the discharged air from the servers 122-126, the 
Water is returned to the cooling apparatus to regenerate the 
chilled Water. The rear door heat exchanger 128 of the com 
puting unit 120 typically removes about 50% of a heat lead of 
the server 120. Detailed construction of the cooling apparatus 
Will be explained elseWhere. 

In turn, to the computing unit 130, the front door heat 
exchanger 138 is disposed. The front door heat exchanger 138 
substantially has the same construction as the rear door heat 
exchanger and the chilled Water is introduced therein and the 
heated Water is returned to the cooling apparatus of the 
present invention after the heat exchange With the discharged 
air from the computing unit 130. The above rear door heat 
exchanger 128 and the front door heat exchanger 138 are 
hereafter generally referred to a door heat exchanger (here 
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after referred to DHEX) and detailed constructions of the 
cooling apparatus and the DHEX Will be explained else 
Where. 

Further another implementation is adopted in the comput 
ing unit 140. The computing unit 140 is constructed in the 
architecture herein named as a sidecar. The computing unit 
140 encloses the air in the enclosure 14011 of the computing 
unit 140. A server rack 142 Within the enclosure 14011 is 
constructed as the heat exchanger to Which the Water from the 
cooling apparatus is circulated through Water paths formed in 
the rack 142. The air discharged from the servers is circulated 
Within the enclosure so that the heat exhaust from the com 
puting unit 140 may essentially be cut-off by controlling heat 
balances. In the case of the sidecar type architecture, heat load 
of the server may be removed to about 100% When the heat 
discharge from the computing unit 140 is ideally shielded in 
the enclosure 140a. 

Yet another implementation embodiment is provided in 
FIG. 1. The computing unit 150 comprises a plurality of 
servers each of Which includes a cold plate 158a disposed in 
the heat exchange relation With the MPU 15819. The chilled 
Water from the cooling apparatus is introduced to the cold 
plate 15811 to cool the MPU 15819 and then is returned to the 
cooling apparatus to regenerate the chilled Water. The above 
plurality of computing units 110-150 are supplied With cool 
ant Water through the pump series 118a-118e; each supplying 
the Water under the ambient atmospheric pressure through 
independent lines. The pumps 118a-118e are preferably 
selected from non-volume type pump such as turbo-type 
pumps, centrifugal-type pumps, and/or screW-type pumps, 
acting also as a How control member, to alloW the reverse How 
of the Water even if an unpredictable Water leak Would occur 
to raise a forWard pressure of the pumps, i.e., the doWn stream 
sides of each pumps up to the atmospheric pressure. In 
another embodiment, a How control member explicitly 
depicted in FIG. 1 may be disposed to the datacenter control 
system 100. The How control member each comprises the line 
192a-192e connected to the upstream side of the heat 
exchanger member through a pressure sensitive valves 194a 
194e for returning the Water to the reduced pressure side of 
the Water return line for settling emergency Water leak. The 
pressure sensitive valves 194a-194e are activated When the 
pressure difference across the inlet and outlet sides becomes 
equal or larger than a predetermined pressure threshold of 
0.01 MPa-0.101325 MPa for settling the pressure rise in the 
heat exchange region in the computing units 120-150. The 
threshold value may be adequately set depending on particu 
lar applications and the pressure sensitive valves 194a-194e 
may be controlled by the controller 162. 

Further to the above computing units, the data center con 
trol system 100 comprises the AOEMF 160 and the AOEMF 
160 includes a controller 162 to detect at least one tempera 
ture selected from the temperature of the ambient air tempera 
ture in the computing room 195, the temperatures of the 
servers and the temperatures of the MPUs through the detec 
tion lines 180, 190. The controller 162 feed-backs the 
detected results to the control of the elements of the cooling 
apparatus of the present invention to maintain the air condi 
tion in the computing room 195 at a predetermined level. The 
AOEMF 160 may include the cooling architecture Which is 
attached to any one of the computing units 120-150. 
NoW, referring to FIG. 2, a general construction of the 

cooling apparatus 200 is depicted. The cooling apparatus 200 
comprises an electronic apparatus 210, a Water vapor com 
pression chiller unit (hereafter referred simply to WCU) 230 
comprising the members enclosed in the rectangle of dashed 
line. The electronic apparatus 210 comprises at least a MPU 
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8 
and/or a CPU and returns outside results of computations to 
provide variable information or to control outer devices. 

The electronic apparatus 210 may be selected generally 
from computers such as, for example, a personal computer, a 
server, a Workstation, a mainframe computer, a peripheral 
interface, or any other combinations thereof and is placed on 
the ?oor 220. The ?oor 220 may have perforated panels to 
introduce the cooled air supplied by a separate A/C system 
When such A/C system is already installed as described in 
FIG. 14. The cooling apparatus 200 may be preferably con 
structed in the data center of any building or on an under 
ground tunnel Where a number of computers are managed to 
compute various and valuable information. 
The electronic apparatus 210 generally comprises sets 

including a computing node 212 and the fan 214. The fan 214 
creates the air How 216 at an ambient temperature in the 
computing room ?oWing through the computing node 212 
indicated by the arroW. The term “computing node” herein 
refers to a member of the electronic apparatus 210 Which 
plays a major role in the computation and encloses the MPU 
and/or CPU as Well as memories and interfaces therefore in an 
adequate package. When the electronic apparatus is a server, 
a plurality of the computing units 212 are enclosed therein to 
provide requested functions of the servers. 
The air ?oW passed through the computing node 212 is 

discharged as the air How 218 after cooled to about an ambient 
temperature by the heat exchanger coil 234 according to the 
present embodiment. In another embodiment, the fan 214 
may be placed at the right side of the electronic apparatus 210 
(a hot side) rather than at the left side (a cold side) thereof. In 
this embodiment, the fan draWs the air from the computing 
node 212 toWard the heat exchanger coil 234 and passing 
through the heat exchanger coil. 
The heat exchanger coil 234 extends through the electronic 

apparatus 210 such that the heated air after the heat exchange 
betWeen MPUs etc. may be readily subjected to the heat 
exchange process With the heat exchanger coil 234. The 
region in the electronic apparatus in Which the heat exchanger 
coil 234 extends de?nes a heat exchange region in the elec 
tronic apparatus. In the described embodiment, the heat 
exchanger coil 234 provides the function to prevent the hot air 
from direct discharge to the computing room and then, the 
electronic apparatus 210 may not provide signi?cant addi 
tional heat loads to a backbone cooling apparatus for the data 
center to Which the electronic apparatus 210 is placed. 
The WCU 230 generates the chilled Water to be supplied to 

the electronic apparatus 210 and comprises an evaporator 236 
and a condenser 238 containing Water as the coolant medium. 
The evaporator 236 evaporates the Water under a reduced 
pressure condition being loWer than an atmospheric pressure 
or an ambient pressure in the computer room in Which the 
electronic apparatuses are placed. The condenser 238 is dis 
posed in ?uid-communication With the condenser 236 
through a plurality of bypass lines and returns the Water vapor 
transferred from the evaporator 236 to the liquid phase. 
The evaporator 236 and the condenser 238 are ?uid-com 

municated by a connection line 258 so as to keep the Water 
levels 254, 256 balanced to stabiliZe the head of the circula 
tion of the Water through the cooling apparatus. 
The residual spaces in the evaporator 236 and the con 

denser 238 are also ?uid-communicated by the bypass lines 
240, 244 each including the compressor 242 and the bypass 
valve 246. As described above, the evaporator 236 acts as a 
refrigerator for cooling the Water therein by the latent heat of 
the evaporation of Water. For the purpose for cooling, the 
residual space in the evaporator 236 is evacuated by the com 
pressor 242. The bypass valve 246 controls the pressure 












